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Abstract. Detailed distribution ranges of  the genus Ericsonia were obtained in the upper Paleocene interval 
from two deep-sea sections, ODP Site 1262 (South Eastern Atlantic Ocean) and Site 1215 (Eastern Equatorial Pa-
cific Ocean), and were complemented with morphometric analyses with the purpose of  clarifying the taxonomy of  
the Paleocene species ascribed to genus. The analysis on a high-resolution sampling set at ODP Site 1262 permitted 
to add information about the evolutionary relationship among the taxa included in the Ericsonia lineage, whose evo-
lutionary emergence characterize the Paleocene nannofossil assemblages. Two taxonomic units have been validated 
in the Paleocene, Ericsonia subpertusa and Ericsonia robusta and they turned out to not have any evolutionary link. E. 
robusta shows substantial morphologic variability at cross-polarized light resulting in two endmember morphotypes, 
E. robusta morphotype A and E. robusta morphotype B. When observed at S.E.M., the two morphotypes have placo-
liths with a similar structure, therefore they document intra-specific variability. This is corroborated by the presence 
of  specimens with intermediate morphologic features between the two endmembers, throughout the distribution 
range. E. robusta increases in abundance concomitantly with the sharp decline of  E. subpertusa in mid Chron C25n. 
Subsequently, the highest occurrence of  E. robusta morphotype B provides a distinct biohorizon coeval to the ge-
neral decline of  E. robusta within the upper Paleocene nannofossil assemblage.
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introduction
The calcareous nannofossil genus Ericsonia 
represents a significant component of  Paleogene 
assemblages. Since the first recorded occurrences 
in the stratigraphic record and its taxonomic de-
scription (Black 1964), the genus Ericsonia has been 
matter of  taxonomic discussions on the various pla-
coliths ascribed to it, characterized by highly varia-
ble morphology. Consequently, the species descri-
bed and referred to Ericsonia by different authors 
(Bramlette & Sullivan 1961; Perch-Nielsen 1977, 
1985; Wise & Wind 1977; Romein 1979; Okada & 
Thierstein 1979; Backman 1986; Bralower & Mut-
terlose 1995; Arny & Wise 2003; Raffi et al. 2005) 
reflected this taxonomic confusion. Some of  these 
taxa, characterized by an elliptical outline, have been 
thereafter ascribed to the genera Coccolithus and Re-
ticulofenestra, whereas other morphotypes, characte-
rized by a circular outline, are still included in the 
genus and recognized as different species. 
According to the lineage of  Ericsonia recon-
structed by Romein (1979), three Paleocene species 
of  circular Ericsonia can be distinguished and are 
evolutionally linked, Ericsonia subpertusa, Ericsonia 
robusta and Ericsonia universa. Ericsonia robusta deve-
loped from E. subpertusa in the late Paleocene (Tha-
netian) and was in turn ancestral of  E. universa, that 
appeared just after E. robusta and was restricted to 
the same stratigraphic interval (Romein 1979; Fig. 
35). Backman (1986) evidenced the biostratigraphic 
potential of  Ericsonia robusta in a study of  the upper 
Paleocene sediments of  SW Atlantic (DSDP Site 
528, Walvis Ridge). The biostratigraphic value of  
an Ericsonia species (referred to as E. robusta sensu 
Bramlette & Sullivan 1961; see taxonomic remarks 
below) was confirmed in a study of  sediment cores 
from the paleo-equatorial Pacific Ocean (ODP Sites 
1215A and 1221C; Raffi et al. 2005). This species 
provides a distinct highest occurrence biohorizon 
shortly above magnetochron C25n. Subsequently 
the results obtained in a biostratigraphic study of  
the continuous Paleocene succession of  ODP Site 
1262 (SW Atlantic area, Walvis Ridge; Agnini et al. 
2007) evidenced two clear biohorizons correspon-
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ding to the lowest and highest occurrences of  E. 
robusta in the interval corresponding to magneto-
chron C25n.
The availability of  a higher resolution sample 
set from the same ODP Site 1262 succession studied 
by Agnini et alii (2007) prompted us to perform a 
detailed micropaleontological analysis on the genus 
Ericsonia, commonly present in the Paleocene. The 
aim is to possibly clarify the taxonomic issues rela-
ted to the taxon delineating a simplified taxonomic 
approach for recognizing the Paleocene Ericsonia 
species at the polarizing microscope, and confirm 
or assert the reliability of  the biostratigraphic signal 
provided by some species. Such a detailed analysis 
could help in reconstructing the upper Paleocene 
portion of  Ericsonia lineage in a continuous section 
and documenting in detail the evolutionary rela-
tionships already inferred for the species (Romein 
1979).
taxonomic remarks 
As described above, the analyses of  the rich 
and diversified assemblage of  Ericsonia observed 
in upper Paleocene sediment cores from Pacific 
ODP Sites 1215 and 1221 and Atlantic ODP Site 
1262 (Raffi et al. 2005; Agnini et al. 2007) (Fig. 1) 
evidenced a taxonomic unit labeled as E. robusta by 
those authors, and other Ericsonia specimens (Eric-
sonia spp. in Raffi et al. 2005). Some of  these lat-
ter specimens were easily recognized as Ericsonia 
subpertusa, while others were difficult to be ascribed 
to defined species, due to the confused taxonomy 
resulted from different criteria and combinations 
proposed in the literature. Raffi et alii (2005) iden-
tified Ericsonia robusta mainly based on its large av-
erage size (> 9 µm up to 14 µm) and referring to 
the original description of  Bramlette and Sullivan 
(1961) of  Cyclolithus? robustus, as follows: “…Speci-
mens large, circular, forming a thick ring, one side 
of  which shows oblique striae… Open central area 
large and bordered by a narrow inner rim. Diame-
ter 9–15 µ… Remarks: The large size and especially 
heavy or robust ring are distinctive features of  the 
species but make the assignment to the genus/Cy-
clolithus/ questionable” (from Bramlette & Sullivan 
1961). Raffi et al. (2005) included in their species 
concept specimens recognized as Ericsonia cf. E. 
robusta by Perch-Nielsen (1985; Figs 23-47, 23-48) 
and Bralower and Mutterlose (1995, plate 4, Figs. 
9-12), and some of  the specimens designated as 
Heliolithus universus by Wise and Wind (1977; plate 
14, figs. 2-3) that were later referred as E. universa 
by Romein (1979).
Romein’s Ericsonia species Ericsonia robusta 
and E. universa are distinguished using various crite-
ria: the overall dimension; the ratio between the di-
ameter of  the central opening and the width of  the 
margin of  the placolith (ring or rim) (as summa-
rized in Fig. 2); the extinction patterns observed at 
cross-polarized light, as the pattern of  the sutures 
in distal or proximal view, and the angle between 
extinction lines and polarization directions. These 
extinction patterns reflect a complex arrangement 
of  the elements in the placolith (see Romein 1979, 
pp. 108-110). Specifically, in the definition of  Er-
icsonia robusta, Romein (1979) included specimens 
with a maximum diameter of  8-12 µm, and a ratio 
“central opening diameter/ring width” (opening D/ring 
Fig. 1 - Paleogeographic map at 55 
Ma with location of  Sites 
1262 and 1215. 
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W) ranging from 5 to 1, values that indicate highly 
variable area of  the central opening and width of  
the margin. A similar complex arrangement of  ele-
ments in distal and proximal shields of  Ericsonia ro-
busta is described for E. universa placolith (Romein 
1979; p. 110; plate 10, fig. 14) that has a maximum 
diameter up to 16 µm, suggesting a generally larger 
size than E. robusta. For Ericsonia universa Romein 
(1979) did not give any reference value of  the ra-
tio “central opening diameter/ring width”. Notably, the 
described complex arrangement of  the cycles of  
the shields (composing the ‘placolith’) is rather dif-
ficult to be perceived with a polarizing microscope 
in both Ericsonia species. We include the Ericsonia 
universa specimens considered by Romein in our E. 
robusta taxonomic concept. Adding that intermedi-
ate forms between Ericsonia robusta and E. universa 
are commonly observed (Romein 1979; this study), 
hereafter we refer to as the Ericsonia robusta group.
A recent taxonomic revision within the ge-
nus Ericsonia by Bown (2016) proposed the estab-
lishment of  several new species in the Paleocene 
interval, to somehow solve the taxonomic confu-
sion related to the genus. The author studied Pa-
leocene sediments from Tanzania (Kilwa Group), 
and described four new species (Ericsonia aliquanta, 
E. media, E. monilis, E. orbis) besides the known E. 
robusta, E. staerkeri and E. subpertusa. The taxa were 
differentiated on the basis of  variable size of  the 
placoliths and of  the central area/opening, mea-
sured at the light microscope. Such a detailed dif-
ferentiation was facilitated by the quality of  nan-
nofossil preservation the Tanzania sediments, 
representing a well known “Konservat Lagerstätte” 
for microfossils (Bown et al. 2008). The medium to 
large (> 5 µm) newly described species Ericsonia me-
dia and Ericsonia aliquanta were previously included 
in the definition of  known species: E. media resem-
bles to E. subpertusa, and E. aliquanta resembles to 
specimens of  E. robusta. 
In this study, we do not refer to the new 
species by Bown (2016) and prefer to maintain a 
conservative taxonomic concept for the Paleocene 
Ericsonia before performing our detailed morpho-
metric analysis. This choice is justified by the gen-
eral preservation of  nannofossils in the Site 1262 
sediments that show modest but persistent disso-
lution through the studied interval, often making 
difficult to differentiate small placoliths. The aim 
is to clarify the taxonomy of  Paleocene Ericsonia 
and evaluate if  potential new species, as those de-
scribed by Bown (2016), are easly identifiable and, 
overall, how much biostratigraphically distinctive 
and meaningful are.
Summarizing, we delineated the distribution 
patterns (Fig. 3) of  the following taxonomic units: 
I) Ericsonia subpertusa, that was unequivocally reco-
gnized at cross-polarized light, following the ori-
ginal description of  Hay and Mohler (1967); II) 
E. robusta group, that corresponds to E. robusta - 
E.universa plexus and includes Ericsonia specimens 
with variable maximum size (6 to 15 µm) and cen-
tral opening size, occasionally showing intermedia-
te morphologic features between the end-members 
E. robusta and E. universa sensu Romein (1979).
Fig. 2 - Measured morphometric parameters and schematic morphot-
ypes of  Ericsonia. For each morphotype the ratios “central 
opening diameter/ring width” (Romein 1979) and “central 
opening diameter/maximum placolith diameter” (opening 
D/placolith D; this study) are given.
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material and methods
We evaluated quantitative abundance distri-
bution of  the considered taxonomic units throu-
ghout the upper Paleocene interval at Atlantic ODP 
Site 1262 and Pacific ODP Site 1215 (Fig. 1). Subse-
quently, a morphometric analysis on the observed 
Ericsonia morphotypes was carried out in selected 
samples from Site 1262.
location of  sites and sampling
ODP Site 1262 was drilled as part of  the 
Leg 208 Walvis Ridge depth transect (Zachos et al. 
2004), located in the eastern South Atlantic (Lat. 
27° S). It is the deepest site (water depth of  4759 
m) and was placed at a paleolatitude of  ~34°S and 
paleodepth of  ~3600 m in the early Paleogene (Za-
chos et al. 2004) (Fig. 1). The Site 1262 sedimentary 
succession mainly consists of  nannofossil oozes, 
with variable portions of  clay, and is complete and 
undisturbed through Paleocene to middle Eocene. 
The 236 samples analyzed are part of  the sample 
set used for previous high resolution stable isotope 
studies (Zachos et al. 2010; Littler et al. 2014). They 
are placed at an average spacing of  5-6 cm in the 
uppermost Paleocene section, from ~151 mcd to 
~164 mcd, and 18-20 cm in the lowermost ~5 me-
ters of  the succession.
ODP Site 1215 was drilled in the central equa-
torial Pacific Ocean (Lat. 26°N) as part of  Leg 199 
Fig. 3 - Distribution ranges of  Ericsonia subpertusa and Ericsonia robusta group at ODP Sites 1262 and 1215, with biostratigraphy (Agnini et al. 
2007; this study; Raffi et al. 2005) and paleomagnetic stratigraphy (Bowles 2006). Position of  the selected samples from Site 1262, used 
for morphometric analysis, is reported. mcd: meter composite depth; mbsf: meter below sea floor.
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“The Paleogene Equatorial Transect” and located 
at a paleolatitude of  ~4°N in the early Paleogene 
(Lyle et al. 2002) (Fig. 1). Its sedimentary succession 
consists of  upper Paleocene-lower Eocene nanno-
fossil ooze or chalk with cherts, resting upon a ba-
salt basement. Following a previous low-resolution 
analysis of  the upper Paleocene core section at Site 
1215A (Raffi et al. 2005), we increased the sampling 
resolution to 5 cm spacing and processed and stu-
died 57 samples from the interval between ~68 to 
~71 mcd.
All the samples from Sites 1262 and 1215 
were processed to obtain smear slides following the 
technique of  Bown & Young (1998).
chronology and biostratigraphy
The studied interval extends from the oldest 
magnetochron C25r to the youngest magnetochron 
C24r, and correlates with nannofossil Zones CNP 
9 to lowermost CNP11 of  Agnini et al. (2014) (= 
Zones NP7 to base NP9 of  Martini 1971). Accor-
ding to the available chronology for Site 1262 (We-
sterhold et al. 2008; Littler et al. 2014) the time in-
terval is included between ~57.6 and ~56.5 Ma. The 
core section studied at Site 1215 partially overlaps 
the interval studied at Site 1262, and corresponds 
to a time interval between ~57.5 Ma and ~56.5 Ma, 
encompassing most of  Chron C25n and the lower 
part of  Chron C24r. This approximate chronology 
for Site 1215 sediments has been obtained through 
linear interpolation between C25r/C25n and C25n/
C24r reversal boundaries, as recognized at Hole 
1215A (Lyle et al. 2002; Bowles 2006).
The temporal resolution of  the sampling at 
Site 1262 and Site 1215 is ~5.0 kyr and ~15.0 kyr, 
respectively. 
analyses on Ericsonia specimens
Analysis of  the smear slides was carried out 
using light-microscope techniques under transmit-
ted and cross-polarized light, at X1200 magnifica-
tion. Abundance patterns of  Ericsonia subpertusa and 
E. robusta group (Fig. 3) were obtained by counting 
the number of  specimens in a prefixed area (N/
mm2 obtained from number of  specimens in 30 
field of  view).
In the analysis of  Ericsonia specimens, besides 
the diameter of  the placolith and the central area, 
we considered the extinction and colour patterns 
observed in cross-polarized light. We observed the 
shape and sharpness of  the extinction cross, the 
brightness of  the simple or composite cycle of  
elements assembled to form the placolith, and the 
colour pattern with a gypsum plate inserted in the 
light-beam in cross-polarized light. The patterns are 
useful to recognize the proximal or distal sides in 
each observed placolith, following the method sug-
gested by Romein (1979).  The method permits to 
distinguish which side of  the observed specimen is 
lying upward, since the structures of  calcite crystal 
arrangement in the proximal side are different from 
the distal sides. The two sides were distinguished 
observing the direction (clockwise or counter-
clockwise) of  the extinction lines and the different 
colours of  sectors between them (Fig. 4). The four 
sectors appear alternately blue and yellow: the sec-
tors blue in distal view become yellow in proximal 
view, and vice versa.
Morphometric analyses of  the Ericsonia spe-
cimens were performed using image analyses sof-
tware “Image-pro plus 7.0” in 30 samples from 
ODP Site 1262, selected at specific levels throu-
ghout the distribution range (Fig. 3). The number 
Fig. 4 - The use of  the gypsum plate in cross-polarized light for 
distinguishing distal and proximal view of  Ericsonia placo-
liths, based on different color (blue-yellow) distribution in 
the four sectors between extinction lines.
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of  measured specimens varied accordingly with the 
abundance of  the observed Ericsonia taxonomic 
units in the considered sample, generally from 35 
to 50 specimens. In samples with high morpholo-
gical variability within Ericsonia population, 80 to 
100 specimens were measured. The diameter of  the 
central opening (opening D) relative to the maximum 
diameter of  the placolith (placolith D) was conside-
red a useful parameter for characterization of  the 
different morphotypes (Fig. 2), and calculated the 
ratio “opening D/placolith D”. Practically, we followed 
the suggestion of  Bralower and Muttelose (1985; p. 
57) who “used an arbitrary limit of  relative diameter 
of  the central opening to distinguish” E. subpertusa 
from Ericsonia formosa. Relation between our ratio 
“opening D/placolith D” to the ratio values (i.e. ope-
ning D/ring W) suggested by Romein (1979) is re-
ported in Fig. 2. The biometric data were processed 
using the PAST software (Hammer et al. 2001). 
Subsequently, observation at the Scanning 
Electron Microscope (SEM) was used for compa-
ring the structures of  the placolith in the different 
taxonomic units considered.
results
During the counting of  Ericsonia robusta gr. 
specimens under polarized light microscope, we 
observed a morphotype characterized by a lar-
ge central opening (> 3 µm) relative to the maxi-
mum diameter (ranging from 7 to 11 µm), and by 
an extinction pattern in cross-polarized light that 
appears as a thick ring with a bright inner margin 
(Fig. 5, 13- 24; Pl. 1, figs 4-10; 23-25; 33-35; 39-40). 
Based on these features, it could be included in the 
morphological variability of  E. robusta sensu Ro-
mein (1979). However, we considered it as a separa-
te “morphotype” from the specimens matching the 
Ericsonia robusta sensu Raffi et al. (2005) that appear 
brighter in cross-polarized light and has a relative 
smaller central opening (Fig. 5, 7-12; Pl. 1, figs. 21-
22; 26-32; 36-38). Therefore, we distinguished two 
morphotypes within the Ericsonia robusta gr., E. robu-
sta morphotype A and E. robusta morphotype B, the 
latter corresponding to E. robusta sensu Raffi et al. 
(2005). Thinking them as possibly being indicative 
of  two different species (e.g. the smaller specimens 
Fig. 5 - Schematic morphotypes of  Ericsonia and corresponding photomicrographs at L.M., normal, cross-polarized light, with gypsum plate 
inserted, and at S.E.M. 
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of  morphotype A resemble to E. aliquanta of  Bown, 
2016), we examined in detail their distribution and 
abundance patterns and the results from morpho-
metric analysis with the aim to clarify further their 
taxonomy.
abundance patterns
The abundance patterns of  the considered ta-
xonomic units of  Paleocene Ericsonia at Sites 1262 
and 1215 are showed again in Fig. 6, in which the 
distributions of  E. robusta morphotypes A and B 
are separately reported. The data obtained at ODP 
Sites 1262 section are more complete because the 
studied interval encompasses the whole magneto-
chron C25n, and permitted to depict in detail the 
evolutionary development of  the genus.
As expected, a gradual increase in variability 
of  morphology and size within the Ericsonia assem-
blage is observed through the studied interval. In 
the lower part of  Site 1262 section (from 164.34 to 
~157 mcd, at ~57.6 to ~57 Ma) Ericsonia subpertusa 
prevails in the assemblage, reaching higher values 
(up to 233.5/mm2) around 164 mcd, and only rare 
specimens of  E. robusta morphotype A are present 
(Fig. 6). In the interval above starting from ~158 
mcd, morphotype A has a distinct stratigraphic di-
stribution and shows a rapid increase in abundan-
ce concomitantly with the occurrence of  E. robusta 
morphotype B, thus delineating a sharp turnover 
in abundance with E. subpertusa (at ~157.2 mcd). 
Fig. 6 - Distribution ranges of  Ericsonia subpertusa and Ericsonia robusta morphotypes A and B at ODP Sites 1262 and 1215, with biostratigraphy 
(Agnini et al. 2007; this study; Raffi et al. 2005) and paleomagnetic stratigraphy (Bowles 2006). 
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Within a 1.2 m-interval of  core 
sediments (between ~157.2 and 
156 mcd) corresponding to ~0.1 
m.y. time-interval, morphotype 
A significantly outnumber both 
the morphotype B and E. subper-
tusa. Few specimens of  Ericsonia 
are difficult to be ascribed to 
E. robusta morphotypes A or B 
because they have intermediate 
morphologic features between 
the two, namely a size similar to 
morphotypes B but a lighter bi-
refringence (Pl. 1, figs. 11-20; Pl. 
2, figs. A and D). These speci-
mens mostly occur in an interval 
straddling the Base of  E. robusta 
morphotype B.
In the upper part of  Site 
1262 section (from ~156 mcd 
upward), the abundance of  Eric-
sonia robusta morphotype A gra-
dually drops in coincidence with 
the interval of  high abundan-
ce of  E. robusta morphotype B 
and with the final decline of  E. 
subpertusa. The highest occurren-
ce (Top) of  morphotype B provi-
des a prominent biostratigraphic 
signal at 153.38 mcd (correspon-
ding to ~56.6 Ma) that is close 
to (just below) the top of  Chron 
C25n (153.31-153.18 mcd). This 
biohorizon is placed in a similar 
stratigraphic position of  Agnini 
et alii (2007), above Base of  Di-
scoaster multiradiatus (at 155.3 mcd, 
~56.8 Ma), but it is more preci-
sely defined here. Ericsonia robusta 
morphotype A is continuously 
Figs 7 a-b - Results of  morphometric 
measurements of  E. subper-
tusa (grey triangle), E. robu-
sta morphotype A (red dot) 
and E. robusta morphotype B 
(black dot) in the 30 selected 
samples. The maximum dia-
meter (placolith D) is plotted 
vs. the diameter of  the cen-
tral opening (opening D) for 
each measured specimen.
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present in low abundance up to the top of  the stu-
died section at Site 1262.
The abundance patterns of  Ericsonia taxo-
nomic units at Site 1215 have been obtained in a 
shorter stratigraphic interval than the interval at 
ODP Site 1262, encompassing only part of  Chron 
C25n and the lower part Chron C24r (between 71 
and ~68 mcd). In this section, the patterns appear 
different: the three considered taxa show different 
proportions, Ericsonia robusta morphotype A never 
exceeds in abundance E. robusta morphotype B, al-
though in the upper part of  the range its abundan-
ce is generally higher (average of  30-40 specimens/
mm2) than the abundance observed in the coeval 
interval at Site 1262 (average of  20-30 specimens/
mm2). These differences observed in the Ericsonia 
assemblages of  the two sites could be partly explai-
ned as due to preservation problems, because the 
nannofossil assemblage in the sediments of  Site 
1215 are affected by pervasive dissolution that fa-
voured robust placoliths like Ericsonia that increased 
their relative abundance.
Fig. 8 - The mean values of  the ra-
tio “opening D/placolith D” 
in each sample used for 
morphometry through the 
studied section.
Table 1
oD/pD 
Placolith 
diameter (µm)
E. subpertusa Min 0,3 5,4 1,7
Max 0,5 9 4
Mean 0,38 7,23 2,77
Stand. dev 0,05 0,64 2,77
Median 0,4 7,3 2,8
Number of measurements 560 560 560
E. robusta A Min 0,4 5,9 2,8
Max 0,7 11,6 6,7
Mean 0,60 8,55 4,95
Stand. dev 0,05 0,85 0,64
Median 0,6 8,6 5
Number of measurements 701 701 701
E. robusta B 0,4 6,6 3,6
0,6 14,5 8
0,51 10,85 5,56
0,06 1,31 0,79
0,5 10,8 5,5
Min 
Max
Mean
Stand. dev
Median
Number of measurements 517 517 517
Statistics of measured parameters of genus Ericsonia in the studied section at Leg 208 ODP Site 1262 
Opening 
  (µm)diameter
Tab. 1 -Statistics of  measured para-
meters of  genus Ericsonia in 
the studied section at Leg 
208 ODP Site 1262.
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morphometric analysis
The results of  morphometric measurements 
of  the three taxonomic units considered are repor-
ted in Figure 7 a-b that shows bivariate plots of  the 
maximum diameter (placolith D) vs. the diameter of  
the central opening (opening D) of  the measured pla-
coliths in the 30 selected samples. The measured 
parameters and their minimum and maximum va-
lues are reported in Table 1, together with the mean 
values of  the ratio “opening D/placolith D” (labelled 
“oD/pD” hereafter) of  each taxonomic unit. The 
plot of  the mean values of  oD/pD of  the Ericso-
nia morphotypes through the section (measured in 
each sample used for morphometry) shows a ge-
neral increase up-section (Fig. 8). This increase is 
subtle in Ericsonia subpertusa, whereas it is noticeable 
in E. robusta, overall in morphotype A. In the in-
terval with the concomitant occurrence of  Ericsonia 
subpertusa and E. robusta morphotypes A and B (grey 
area in Fig. 8) the respective mean oD/pD values are 
remarkably distinct.
Results of  mixture analysis of  all the oD/pD 
values are show in Fig. 9, and permitted to identify 
which kind of  frequency distribution is displayed. 
Distribution of  the ratio values in each considered 
sample is showed in the histograms of  Fig. 10 and 
Fig. 11, with Gaussian Kernel density plots inclu-
ded. This smooth density estimator of  histograms 
provides an overview on the distribution of  measu-
red parameter, in this case the ratio oD/pD. Kernel 
density is a non-parametric estimation of  the pro-
bability density function of  a random variable, and 
provides more accurate results than those observed 
in histograms. The advantage of  using the Kernel 
density plots is that they permit to obtain a better 
overview of  the frequency distribution of  the ratio 
oD/pD in sample-specific histograms (Fig. 10 and 
Fig. 11).
In some samples from the lower part of  the 
studied interval (Fig. 7a), the first specimens of  
Ericsonia robusta morphotype A are very rare and are 
similar in size to the dominant E. subpertusa.  The 
Fig. 9 - Results of  mixture analysis applied to the ratio “opening D/
placolith D” measured in the Ericsonia pool.
Fig. 10 - Single sample histograms 
and Gaussian Kernel densi-
ty plots applied to the ratio 
“opening D/placolith D”, mea-
sured in specimens of  Eric-
sonia subpertusa and Ericsonia 
robusta morphotype A in the 
lower part of  the studied 
ODP 1262 section. Bins are 
0.05-large in each sample. 
Gaussian Kernel density 
plots are included.
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distinction between the two taxa becomes evident 
from 160 mcd upwards, where Ericsonia robusta 
morphotype A increases in abundance. Accordin-
gly, histograms of  the oD/pD values computed for 
morphotype A and E. subpertusa specimens clearly 
show a bimodal distribution (Fig. 9), revealed also 
in the histograms of  sample 161.01 mcd and of  the 
samples above (Fig. 10). The specimens of  the Eric-
sonia subpertusa have a maximum diameter size ≥ 5.5 
and < 9 µm, and oD/pD values ≥ 0.3 and ≤ 0.45, 
corresponding to a Romein’s ratio “central opening 
diameter/ring width” equal to 1-1.5. The specimens 
of  the Ericsonia robusta morphotype A have a ma-
ximum diameter larger than E. subpertusa, ranging 
from 6 to 11 µm, and oD/pD values > 0.45 and ≤ 
0.7 (Romein’s ratio equal to 2-4), with most of  the 
measured specimens having value 0.6.  Morphologic 
differences between Ericsonia robusta morphotype A 
and E. subpertusa (Fig. 5; Pl. 1) result when speci-
mens are observed in cross-polarized light, sugge-
sting a different structure of  the placolith. This is 
confirmed through S.E.M. observation: Ericsonia 
subpertusa specimens show the typical structure in 
the distal view of  the wall with plate-like elements 
Fig. 11 - Single sample histograms 
and Gaussian Kernel den-
sity plots applied to the ra-
tio “opening D/placolith D”, 
measured in specimens of  
Ericsonia robusta morphotype 
A and morphotype B in the 
upper part of  the studied 
ODP 1262 section. Bins are 
0.05-large in each sample. 
Gaussian Kernel density 
plots are included.
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imbricating clockwise (Pl. 2, figs 1, 2, 4). The distin-
ction from E. subpertusa becomes more and more 
evident concomitantly with the emergence of  the 
E. robusta morphotype B within the cluster of  E. 
robusta, around 158 mcd in the section (Fig. 7a). 
Both Ericsonia robusta morphotypes gradually 
increase in size throughout the studied interval (Fig. 
7b). Morphotype B reaches a maximum diameter of  
14-15 µm in the uppermost part of  its range (Fig. 
7b) but this increase in maximum size does not re-
sult in a proportional increase of  the central ope-
ning, as indicated by oD/pD values that ranges from 
0.4 to 0.6, with most of  the measured specimens 
having value 0.5. 
The distinction of  the two morphotypes A 
and B of  Ericsonia robusta, that is evident in the extin-
ction patterns observed at cross-polarized light (Fig. 
5, Plate 1), is not clearly revealed by morphometry. 
Throughout the studied interval, a unimodal distri-
bution prevails in the histograms applied to the oD/
pD parameter measured in the specimens counted 
in each sample (Fig. 11). The different extinction 
patterns are explained using the gypsum plate inser-
ted in the light-beam, following Romein 1979’s me-
thod described above. We could distinguish which 
side, proximal or distal, in each observed placolith 
was lying upward, and realized that morphotypes 
look different because some specimens had the 
distal side facing upwards whereas others had the 
proximal one (Fig. 4). It resulted that most of  the 
observed Ericsonia robusta morphotypes A are views 
of  proximal side (Pl. 1, figs 9-10; 23-25; Pl. 3, figs 
E-F; Pl. 4, figs 4,5), and the observed brighter in-
ner cycle is the proximal shield. On the other hand, 
S.E.M. observation shows that Ericsonia robusta 
morphotype A and morphotype B have the same 
structures of  the distal side (Pl. 3, figs 1-4; Pl. 4, figs 
2, 3, 5, 6; Pl. 5, figs 1, 2, 4-6; Pl. 6, 1-6), with the wall 
elements covering the distal shield, notwithstanding 
that they have distinctively different relative size of  
the central opening. Moreover, the cover of  calcite 
elements on the distal shield is thicker in morphot-
ype B resulting in a brighter extinction pattern at 
cross-polarized light.
discussion
The analysis of  the whole morphometric me-
asurements obtained on the specimens of  Ericsonia 
robusta group shows a limited degree of  differen-
tiation between the morphotypes A and B (Fig. 9), 
although the mean oD/pD value of  morphotype A 
is generally higher than that of  morphotype B (Fi-
gures 7a-b, 8). The structure of  the two morpho-
types is similar, as revealed by S.E.M. observations 
and corroborated by the unimodal distribution of  
the measured parameter oD/pD showed in the hi-
stograms of  Fig. 11. Therefore, the two morpho-
types document an intra-specific instead of  an in-
ter-specific variability. This variability extends from 
smaller placoliths (generally ≤ 10 µm) that have a 
relatively large central opening (mean oD/pD value 
≥ 0.55 and ≤ 0.6), to larger placoliths (generally ≥ 
Plate 1
Polarizing microscope photomicrographs of  Paleocene Ericsonia spe-
cies and morphotypes. All specimens x 1200. Size bar = 5µm. 
PL = Parallel light; X-n = crossed nicols; gp = gypsum plate 
inserted. 
1-3) Ericsonia subpertusa, distal side; 1. PL, 2. X-n, 3. gp. Sample 1262A-
15H-4,17. 
4-5) E. subpertusa, proximal side; 4. X-n, 5. gp. Sample 1262A-15H-4,17. 
6-7) E. robusta morphotype A, proximal side; 6. PL, 7. X-n. Sample 
1262A-15H-5,13. 
8-10) E. robusta morphotype A, proximal side; 8. PL, 9. X-n, 10. gp. 
Sample 1262A-15H-4, 137. 
11-13) E. robusta intermediate morphotype A - B, distal side; 11. PL, 12. 
X-n, 13. GP. Sample 1262A-15H-4,41. 
14-15) E. robusta intermediate morphotype A - B, proximal side; 14. 
X-n, 15. gp. Sample 1262A-15H-4,41. 
16-18) E. robusta intermediate morphotype A - B, distal side; 16. PL, 17. 
X-n, 18. gp. Sample 1262A-15H-4,17. 
19-20) E. robusta intermediate morphotype A - B, proximal side; 19. 
X-n, 20. gp. Sample 1262A-15H-4,17. 
21-22) E. robusta morphotype B, distal side; 21. X-n, 22. GP. Sample 
1262A-15H-3,125. 
23-25) E. robusta morphotype A, proximal side; 23. PL, 24. X-n, 25. GP. 
Sample 1262A-15H-2, 91. 
26-27) E. robusta morphotype B, proximal side; 26. X-n, 27. gp. Sample 
1262A-15H-2, 91. 
28) E. robusta morphotype B, distal side; X-n. Sample 1262A-15H-2, 
67. 
29) E. robusta morphotype B, proximal side; X-n. Sample 1262A-
15H-2, 67. 
30) E. robusta morphotype B, proximal side; X-n. Sample 1262B-
16H-6, 83. 
31-32) E. robusta morphotype B, distal side; 31. X-n, 32. gp. Sample 
1262B-16H-6, 53. 
33-35) E. robusta morphotype A, proximal side; 33. PL, 34. X-n, 35. gp. 
Sample 1262B-16H-5, 119. 
36) E. robusta morphotype B, distal side; X-n. Sample 1262B-16H-5, 95. 
37) E. robusta morphotype B, proximal side; X-n. Sample 1262B-
16H-5, 95. 
38) E. robusta morphotype B, distal side; X-n. Sample 1262B-16H-5, 71. 
39-40) E. robusta morphotype A, proximal side; 38. PL, 39. X-n, 40. gp. 
Sample 1262B-16H-5, 71.
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Plate 2
S.E.M photomicrographs of  Ericsonia subpertusa.
1) Sample 1262A-15H-4,17. Distal side.  2) Sample 1262A-15H-4,17. Proximal side. 3) Sample 1262A-15H-4,17. Distal side. 4) Sample 1262A-
15H-4,17. Distal side. 5) Sample 1262A-15H-4,17. Proximal side. 6) Sample 1262A-15H-3,29. Proximal side.
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Plate 3
S.E.M photomicrographs of  Ericsonia robusta morphotype A specimens from the lower part of  the studied ODP 1262 section.
1) Sample 1262A-15H-4,17. Distal side. 2) Sample 1262A-15H-4,17. Distal side. 3) Sample 1262A-15H-4,17. Distal side. 4) Sample 1262A-
15H-4,17. Distal side. 5) Sample 1262A-15H-3,89. Proximal side. 6) Sample 1262A-15H-3,89. Proximal side.
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Plate 4
S.E.M photomicrographs of  E. robusta morphotype A specimens from the middle part of  studied ODP 1262 section. 
1) Sample 1262A-15H-3,29. 2) Sample 1262A-15H-3,29. Distal side. 3) Sample 1262A-15H-3,29. Proximal and distal sides. 4) Sample 1262A-
15H-3,29. Proximal side. 5) Sample 1262A-15H-3,29. Distal and proximal sides. 6) Sample 1262B-16H-6,29. Distal side.
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Plate 5 
S.E.M photomicrographs of  E. robusta morphotype B from the studied ODP 1262 section.
1) Sample 1262A-15H-3,29. Distal side. 2) Sample 1262A-15H-3,29. Distal side. 3) Sample 1262A-15H-2,91. Proximal side. 4) Sample 1262A-
15H-2,91. Distal side. 5) Sample 1262A-15H-2,91. Distal side. 6) Sample 1262A-15H-2,91. Distal side.
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Plate 6 
S.E.M photomicrographs of  E. robusta morphotype A and morphotype B specimens from the upper part of  the studied ODP 1262 section.
1) Sample 1262B-16H-6,29. Ericsonia robusta morphotype B, distal side. 2) Sample 1262B-16H-6,29. Ericsonia robusta morphotype B, distal side. 3) 
Sample 1262B-16H-6,29. Ericsonia robusta morphotype B, distal side. 4) Sample 1262B-16H-5,119. Ericsonia robusta morphotype A, distal 
side. 5) Sample 1262B-16H-5,119. Ericsonia robusta morphotype A, distal side. 6) Sample 1262B-16H-5,119. Ericsonia robusta morphotype 
B, distal side. 
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11 µm) that do or do not have a proportionally lar-
ge opening (mean oD/pD value ≥ 0.47 and ≤ 0.63) 
(Tab. 1). The specimens labelled morphotype B are 
distinguishable in cross-polarized light because they 
appear brighter (Pl. 1, figs 21-22; 26-32; 36-38) and 
prevail in the Ericsonia robusta pool in the upper part 
of  its distribution range (Fig. 6). Based on these 
biometric data and conclusion, the species status 
for Ericsonia universa of  Romein (1979), to which 
our E. robusta morphotype B could be referred for 
morphological similarity, is denied. Accordingly, we 
deny the species status for E. aliquanta (Bown, 2016) 
because it lacks distinctiveness of  morphology in 
comparison with some specimens of  E. robusta, and 
does not have a distinct stratigraphic range.
The data presented here add information 
about the evolutionary relationship among taxa in-
cluded in the Ericsonia lineage reconstructed by Ro-
mein (1979). Differently from Romein’s suggestion, 
we infer that Ericsonia robusta did not evolve from 
E. subpertusa  on the basis of  the following obser-
vations:
The lower range of  E. robusta extends well be-
low the level indicated by Romein (1979), because 
the first rare specimens, represented by E. robusta 
morphotype A, are observed in the lower part of  
the range of  Discoaster mohleri, between 167 and 168 
mcd (~58 Ma); 
In the interval in which rare and scattered spe-
cimens of  E. robusta morphotype A co-occur with 
E. subpertusa (from 168 to 158 mcd, corresponding 
to ~1 m.y.), specimens with intermediate morpho-
logy between the two species are not evident;
E. subpertusa and E. robusta morphotype A 
have placoliths with different central opening size 
(values of  the ratio “opening D/placolith D” ran-
ging from 0.3 to 0.4 in E. subpertusa and from 0.5 
to 0.6 in E. robusta morphotype A), and a clearly 
different structure of  the placolith as showed by 
S.E.M. observation. Specifically, the distal shield of  
Ericsonia subpertusa shows a steep outward slope in 
the margin, indicating a significantly elevated rim 
that has the elements of  the inner wall that extend 
and cover part of  it. These are plate-like elements 
strongly clockwise imbricating (Fig. 5; Pl. 2, fig. 1, 
3). Ericsonia robusta morphotype A has a moderately 
elevated rim that in the distal side is completely co-
vered by plate-like elements (Fig. 5; Pls 3-6).
As for the biostratigraphic results, it is no-
teworthy the distinct turnover in abundance betwe-
en Ericsonia robusta and E. subpertusa observed at Site 
1262 section within Chron C25n, preceding the 
lowest occurrence of  D. multiradiatus. We did not 
record the same turnover in the nannofossil assem-
blages observed at Site 1215 that appear qualitati-
vely and quantitatively different from those at Site 
1262. The low sedimentation rate at Site 1215 sec-
tion, and the corresponding sample spacing, did not 
permitted to obtain a more resolved biostratigraphy.
The biostratigraphic signal provided by the 
distribution range of  Ericsonia robusta morphotype B 
is of  some relevance and evidences an “ecological” 
link with E. subpertusa. Ericsonia robusta  morphotype 
B increases in abundance concomitantly with the fi-
nal decline of  E. subpertusa followed by extinction, 
in the middle of  Chron C25n. This turnover sug-
gests a replacement in a portion of  the same ecolo-
gical niche. The subsequent final disappearance of  
morphotype B corresponds to the decline of  the 
whole E. robusta group, and it is confirmed as a di-
stinct biohorizon that occurs above the Base D. mul-
tiradiatus in both Site 1262 and 1215 sections. Note 
that a discrepancy exists in the position of  Top Eric-
sonia robusta morphotype B relative to Top Chron 
C25n in the two studied sections: it occurs just be-
low Top Chron C25n at ODP Site 1262 (between at 
153.47 and 153.41 mcd) and just above Top Chron 
C25n at ODP Site 1215 (between 69.35 and 69.3 
mcd), suggesting a diachrony of  the biohorizon 
between the two different oceanic areas. Ericsonia 
robusta morphotype A is the only representative of  
E. robusta group after the decline and occurs with 
typical medium sized specimens (8-9 µm) that have 
a large central area and mean oD/pD value ≥ 0.6. 
conclusions
Detailed biostratigraphic distribution of  the 
genus Ericsonia in upper Paleocene deep-sea sedi-
ments from mid latitude Atlantic (ODP Site 1262) 
and tropical Pacific Ocean (ODP Site 1215) deli-
neated the ranges of  two taxonomic units within 
the genus, E. subpertusa and E. robusta. The obtained 
results help to clarify the taxonomic and evolutio-
nary relationships within the Paleocene sector of  
Ericsonia lineage. Ericsonia robusta shows substantial 
morphologic variability (in the sizes of  the placolith 
and the central opening) resulting in two endmem-
ber morphotypes: morphotype A with a larger cen-
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tral opening, and morhotype B with a more robust 
structure. A notably different extinction pattern has 
been observed in many specimens of  morphot-
ype A when compared with morphotype B. In the 
early phase of  the study, we thought that the two 
morphotypes could be indicative of  two distinct 
species, morphotype A corresponding to the newly 
described E. aliquanta, and morhotype B to E. ro-
busta. Instead, the differences observed are in part 
related to the different sides of  the placoliths, that 
look different if  some specimens have the distal side 
and others have the proximal side facing upwards in 
the field of  view of  the microscope. S.E.M. analyses 
revealed that the two morphotypes have a very simi-
lar structure of  the placolith, even though they have 
different size of  the central opening. The compa-
rable placolith structure, together with the unimo-
dal distribution of  the parameter oD/pD measured 
in specimens through the section (Fig. 11), suggest 
that the two morphotypes represent intra-specific 
morpho-variants of  the known species Ericsonia ro-
busta. Specimens with intermediate morphologic fe-
atures between the two end-member morphotypes 
are also observed throughout their distribution ran-
ge.
Ericsonia robusta is rare and has a disconti-
nuous distribution in the lower part of  the studied 
interval at Site 1262, dominated by E. subpertusa that 
has its lowest occurrence in the lower Paleocene 
(Danian). The increases of  Ericsonia robusta occurs 
in the upper Paleocene and characterizes the nan-
nofossil assemblages during a 600 ky-time interval 
straddling Chron C25n (between ~57.2 and ~56.6 
Ma). Ericsonia subpertusa and E. robusta co-occur in 
an interval of  approximately 400 ky, but no evolu-
tionary link between the two species has been docu-
mented. Ericsonia subpertusa declines (at ~56.9 Ma) 
towards extinction (at ~56.8 Ma) in the middle of  
Chron 25n, whereas E. robusta declines at ~56.6 Ma, 
when morphotype B became extinct.
The distinct turnover in abundance betwe-
en Ericsonia subpertusa and E. robusta, that occurs 
within the lower part of  Chron C25n and precedes 
the lowest occurrence of  D. multiradiatus, and the 
disappearance of  E. robusta morphotype B, are two 
noteworthy changes in the nannofossil assemblages 
in the late Paleocene. Preliminary data acquired on 
other nannofossil taxa (Discoaster and Fasciculithus), 
from the same C25n interval at Site 1262, show 
similar concurrent turnovers among species, and 
suggest that a further detailed analysis on nanno-
fossil assemblages is required to reveal a possible 
coupling of  the events and investigate on a possible 
common triggering.
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